Today, obesity is one of the major health problems, a so-called epidemic of the developed world. Obesity arises through an imbalance between energy intake and energy expenditure, so it is important for products to have a balanced nutritional composition. The aim of this study is to prepare high-protein pasta with high nutritional quality, with emphasis on its amino acid composition, as ordinary durum pasta lacks lysine and threonine. Ordinary durum wheat pasta contains, on average, 77 % carbohydrate, and can have even less than 10 % protein. It is therefore oft en excluded from normal energy-restricted diets, and especially from low-carbohydrate diets. In this study pasta that can satisfy the nutritional requirements of a low-carbohydrate diet and is suitable for daily use was developed and evaluated. Protein-enhanced pasta was produced by adding high amounts of plant protein extract (40 % dry matt er) without (plain high-protein pasta) or with 3 % dried spinach powder (high-protein spinach pasta) to durum wheat semolina. According to the sensory analysis data, the addition of 40 % of plant protein extract satisfi ed sensory and nutritional requirements, allowing further development and evaluation for possible marketing. This analysis shows that these high-protein neutral and spinach pasta contain 36.4 and 39.6 g of protein per 100 g of dry mass, 12.07 and 14.70 g of total essential amino acids per 100 g of dry mass, and a high content of branched-chain amino acids, i.e. 5.54 and 6.65 g per 100 g of dry mass, respectively. This therefore represents a true alternative to durum wheat pasta for low-carbohydrate diets.
Introduction
The word 'pasta' is the Italian for 'dough', which is a stable food product that is produced mainly by mixing durum wheat semolina and water, and which is then shaped and dried (1) . The main reason for the more recent huge spread of diff erent pasta types is an awareness of consumers about nutrition, with relation to good health and an overall healthy lifestyle (1, 2) . Pasta is usually considered a healthy food when fortifi ed with fi bre, and less commonly, it is associated with a high content of minerals, such as calcium. It is also associated with some antioxidants, like lycopene and rosemary extracts (e.g. with the addition of dried tomato and rosemary), although rarely as a protein-enriched food.
In previous studies att empts to use soya proteins as a partial substitute in wheat products because of their nutritional quality have generally been unsuccessful (3), mainly due to the contrasting diff erences between the soya and gluten proteins. Therefore, many studies have reported the properties of adding supplements to semolina, like chickpeas (Cicer arietinum) (4) , processed lupin and pigeon pea fl our (5) , sweet potato (6), wheat or broad beans (Vicia faba) (7, 8) , dried amaranth leaf fl our (9) or protein hydrolysate from beans (Phaseolus vulgaris L.) (10) , to improve the nutritional value of pasta. The interest for the enrichment of pasta with legumes has also been studied, because of their eff ects on the glycaemic index (11) , and it has been shown that the addition of high levels of legume fl our induces minor structural changes to the pasta. Consumers today are increasingly interested in foods with health-promoting ingredients (12, 13) and food with nutrition and/or health claims on their labels, which are designed to off er useful information to the consumer about the health benefi ts of a product, while current legislation protects consumers from misleading and false information (13) (14) (15) .
According to European Union (EU) legislation (14, 16) , high-protein products such as pasta can be declared as a 'source of protein' when the energy value provided by protein contained in that food is at least 12 %, or as having a 'high content of protein' when at least 20 % of the energy value of the food is provided by protein. As demonstrated by Vozzo et al. (17) , pre-loaded foods rich in protein, as compared to carbohydrate or fat, produce a greater feeling of satiety and reduce food intake aft er a fi xed time interval. When eating equal amounts of calories in the same food system, foods with higher protein levels produce greater sensory-specifi c satiety than low--protein foods. Until recently, the marketing for such products was targeting active athletes, but now a wide range of consumers purchase nutrition bars regularly, not only to satisfy immediate hunger, but also because they are perceived as a source of nutrients or as a healthy 'to--go' meal. Higher-protein food systems also reduce hunger greatly (18) and benefi cially aff ect cognition and mood compared to conventional food versions (19) .
In the present study, the main aim is to create a protein-enriched pasta product that has real potential to be sold on the market and therefore to off er consumers a high-protein product of plant origin, with emphasis on the amino acid composition, which is essential information for the intensive workout population (17, 20) . We were further interested to determine the amino acid composition and sensory characteristics of the pasta that is enriched with yellow pea protein isolate.
Materials and Methods

Sample preparation
High-protein pasta was produced by the addition of high amounts (40 %, dry matt er) of plant protein extract (pea protein isolate, extracted from yellow peas; supplied by Cosucra, Pecq, Belgium) to durum wheat semolina (durum wheat semolina type 900, from an industrial fl ourmill; Farina-Mühle, Raaba, Austria) without and with 3 % dry spinach powder, to provide high-protein pasta and high-protein spinach pasta, respectively.
The production of these types of high-protein pasta required adaptation of the pasta-making process (i.e. higher hydration) to limit the agglomeration of particles during mixing. The kneading and shaping were accomplished using a Dolly 4 pilot kneading machine (Granitt o Arredi Srl, Termoli, Italy) with a single screw extrusion, using the 'tagliatelle' bronze die (0.9 mm thick, 5.0 mm wide) with a capacity of 6 kg pasta per h. The drying process was carried out at an industrial facility, using a standard drying programme of 15 cycles on a static drier. The drying protocol consisted of exchanging cycles of drying and conditioning, starting at 70 °C and 80 % humidity. To avoid any eff ects of drying on the pasta quality, all of the prepared samples were dried under the same drying protocol. Aft er drying, the pasta was packed into waterproof packaging, labelled, and stored until analysis. To achieve bett er cooking and to ensure wide and easy use of the pasta, we produced it in the tagliatelle form.
Ref 
Sensory analysis
The enriched pasta products were cooked in hot water (1.0 L of boiling water per each 100 g of sample) for the adequate preparation time, drained and served for sensory analysis. This was carried out by a semi-trained panel of eight members (26-39 years old, gender distribution 50/50) who were familiar with the defi nitions and references used to evaluate products for taste, fl avour, consistency, appearance and overall quality. Tagliatelle pasta from 100 % durum wheat semolina was taken as the reference value for the quality. Taste was indicated as good, which should be pleasant, without any strange aft ertaste. Flavour was described by the intensity of the aroma and the specifi c beany off -fl avour without an unpleasant smell. The consistency should be stable, uniform, soft , fi rm and chewy for a good score. Good appearance was defi ned as the surface property, which indicates the absence of cracks and roughness, and a uniform characteristic colour of the raw materials used. The overall quality of each sample was rated on a 9-point hedonic scale, and these ratings were converted into numerical scores from 1, meaning dislike extremely to 9, like extremely. The pasta products were considered acceptable for further analysis if their mean scores for overall quality were >5 and the protein content exceeded 35 g per 100 g of dried pasta.
Macronutrient determination
Moisture, fat, protein, ash and total carbohydrate contents were determined in triplicate using standard methods reported by AOAC (21) and the content of dietary fi bre according to AOAC method 985.29 (22) . The protein content was calculated from that of nitrogen using the factor of 6.25 for vegetable protein and 5.70 for wheat protein, as reported by Islas-Rubio (1). The carbohydrate and energy values were calculated according to MP 0297 rev 5. 2014 (23) , and sugar composition according to AACC method 80-04.01 (24) using HPLC/mass spectrometry.
Amino acid analysis
The amino acid composition of durum pasta was determined according to MP 1471 rev 5 2011 (25) (using ion--exchange chromatography with post-column ninhydrin detection), with tryptophan determined according to AOAC method 988. 15-1988 (26) . The analysed samples were hydrolysed with 4.2 M sodium hydroxide, under a nitrogen atmosphere, for 20 h at 110 °C. The amino acids obtained in the hydrolysate were separated and quantitatively determined using ion-exchange chromatography, with an automatic analyser (27, 28) .
Fatt y acid content
The fatt y acid composition of durum pasta was determined using gas chromatography with a fl ame-ionisation detector, as reported by Vidrih et al. (29) .
Statistical methods
The data were evaluated using the analysis of variance (ANOVA) method with Duncan's multiple-range test (p<0.05) of the SAS/SAT soft ware program (30) .
Results
The results of the preliminary sensory and protein content analyses showed that the addition of 20 or 30 % of protein did not reach the required protein content, while the addition of 50 % of protein resulted in an unpleasant off -fl avour. The results of the sensory analysis during the preliminary sample preparation are given in Table 1 .
According to the World Health Organization/Food and Agriculture Organization of the United Nations (WHO/FAO), and organisations in Europe, the USA and Canada, the daily energy intake from protein should be from at least 10 up to 35 % (31,32). Most of these recommendations are the same or similar worldwide, except for protein, which are expressed diff erently, either as g per day or g per kg of body mass (bm) per day, and usually without any indication of a standard for each age, which would allow conversion from one such recommendation to another. The Joint FAO/WHO/United Nations University Expert Consultation of 1985 (32) defi ned the protein requirement of an individual as the lowest level of dietary protein intake that will compensate for the losses of nitrogen from the body in persons maintaining an energy balance at modest levels of physical activity.
Unequal losses of nutrients are due to their solubility in water or fat. Pasta absorbs water during cooking, whereby the mass fractions of the nutrients can decrease to approximately half their initial levels, except for the alimentary fi bre, due to a larger loss of the soluble fi bre. However, the energy ratio of the diff erent nutrients does not usually change signifi cantly. Due to some degree of unequal nutrient loss, analyses were carried out on both the dry pasta and the cooked product. The composition and nutritional parameters of the dry and cooked plain and spinach-containing high-protein pasta are given in Table 2 .
The results of this analysis show that the plain high--protein pasta contains 36.4 g of protein per 100 g of dm, and the high-protein spinach pasta 39.6 g per 100 g of dm, which is approx. 4-fold more than in ordinary durum wheat pasta, which contains 8 to 10 g of protein per 100 g of dm (1) . Both of our pasta samples contained <4 g of fat per 100 g of dm. According to the nutritional recommendations for protein intake (0.8 g per kg of bm per day), one portion (100 g of dry product) of cooked high-protein spinach pasta without any additions represents 66 % of the daily protein requirement for a 75-kg male.
It is well known that short-term diets with protein pasta can diminish cardiovascular risk factors, through increased mass loss and reduced body fat. Indeed, epidemiological studies have confi rmed an inverse association between dietary protein and hypertension, as well as benefi cial changes in people with type 2 diabetes (33). On the one hand, it is quite common that people with diabetes A (type 2) partially exclude durum pasta from their diet, or replace it with wholegrain products. On the other hand, the use of a high-protein and low-carbohydrate diet has benefi cial eff ects on postprandial blood glucose levels, which is very important for people with diabetes A. Therefore, there is a good opportunity for high-protein pasta like plain high-protein and high-protein spinach pasta with a protein content of more than 36 and 39 % respectively, to be included as a breakfast; indeed, in Asian countries like Vietnam, Cambodia, Laos, Thailand and others, noodle soup is a typical breakfast dish.
The content of some amino acids that are considered as essential in the human diet can be low in wheat proteins, especially lysine (the most defi cient of the amino Wheat protein is, on the other hand, rich in glutamic acid and proline, which are the functional amino acids in dough formation, while cysteine has an important role in dough formation, as it provides sulfh ydryl groups for the disulphide bond formation that links these glutenin protein macromolecules. The total essential amino acids in the plain and spinach-containing high-protein pasta were (12.1±0.3) and (14.7±0.4) g per 100 g of dm, respectively, while ordinary durum pasta contains only 5.3 g of total essential amino acids per 100 g of dm. The amino acid compositions of these pasta are given in Table 3 .
The branched-chain amino acids (BCAAs) leucine, isoleucine and valine are indispensable amino acids. Apart from being building blocks of proteins, they also function as physiological stimulants (especially leucine) for protein synthesis and can promote anabolic eff ects on protein metabolism by increasing the rate of protein synthesis and decreasing the rate of protein degradation (35) . BCAAs can function as pharmacological nutrients for patients with decompensated liver cirrhosis. However, the eff ects of BCAAs at the early stages of chronic liver disease are not clear (36) .
Consumption of high amounts of BCAAs is usually associated with consumption of food supplements, rather than conventional food, and especially pasta. Nevertheless, the nitrogen balance should also be taken in consideration, at the same level that is usually included in food supplements. The protein-enriched plain and spinach--containing pasta had 3-fold more BCAAs than the conventional durum wheat pasta. Furthermore, the plain and spinach-containing high-protein pasta had leucine/valine/ isoleucine in almost the recommended ratio of 2:1:1, as reported by Scognamiglio et al. (37) and Aquilani et al. (38) .
Dried pasta made from durum wheat semolina contains <2 g of fat per 100 g of dm, and it is therefore not an important source of fat; consequently, it is also a minor source of the fat-soluble vitamins A, D, E and K, and the carotenoids (29, 39, 40) . Both animal-and plant-derived food products contain fat, which when consumed in moderation is important for correct growth and development, and for the maintenance of good health in general (41) . The plain and spinach-containing high-protein pasta had (3.8±0.3) and (3.9±0.3) g of fat per 100 g of dm respectively, which originates partly from the durum wheat and additionally from the added plant protein extract. The mass fractions of total unsaturated fatt y acids were 81.5 g per 100 g of fatt y acids in plain high-protein and 78 g per 100 g of total fatt y acids in high-protein spinach pasta. The content of saturated fatt y acids is low in both of our samples: (18.5±0.8) g per 100 g of total fatt y acids in plain and (21.9±1.1) g per 100 g of total fatt y acids in high-protein spinach pasta. Therefore, the unsaturated to saturated fatt y acid ratio is 4:1, while PUFA/SFA ratio is near 3. Recommended ratio is at least 0.45, while for red meat it is around 0.1 (42) . The fatt y acid compositions of the plain and high-protein spinach pasta are in agreement with other studies that have investigated the fatt y acid composition of vegetables and vegetable extracts (29) , and the data obtained in the present study are given in Table 4 .
Reducing the excess body mass and fat mass can be achieved successfully by restricting the energy intake, which should be supported by the balanced macronutrient composition of the diet. On this basis, low-carbohydrate energy-restricted diets have been suggested to be successful compared to normal or higher carbohydrate intake (43) (44) (45) . Obviously, in these energy-restricted diets the energy ratio from carbohydrate is decreased and the energy ratio from the protein and fat is increased (46) . Diets that are known as relatively high-protein energy-restricted diets have a protein energy ratio of 20 to 30 % Values with the same lett er in superscript within the same row are not signifi cantly diff erent according to Duncan's test (p>0.05); LOQ=limit of quantifi cation during energy restrictions of about 50 %, which, however, satisfi es the absolute daily amount of required protein of at least 0.8 g per kg of bm (47) . Such relatively high-protein diets can result in relatively large reductions in body mass and fat mass, and they support subsequent body mass maintenance, since they promote sustained satiety and energy expenditure, increased fat oxidation, and sparing of the fat-free mass (48, 49) .
The contents of macronutrients and their nutritional qualities are as important as the ratio between them, according to nutritional guidelines (31), as indicated by the energy values of protein, total fat and carbohydrates. Plain and high-protein spinach pasta provided 41 and 45 %, respectively, of the total energy from protein, while the reference durum pasta provided only 10 %, as shown in Fig. 1 (50) . The energy from carbohydrates in the reference durum pasta was 87 % of the total energy, while in the high protein samples of the plain and spinach pasta, it was 50 and 46 % of the total energy, respectively. The protein content of the plain and spinach pasta followed that recommended by EU legislation (14, 16) , and thus these types of pasta are suitable to be given the nutritional claim 'high protein content', because at least 20 % of the energy value of the food is provided by protein. As reported elsewhere (51) , an adequate energy requirement is the amount of energy available from food needed to balance the total energy expenditure, and hence to maintain the body mass. The total energy expenditure refl ects the sum of the resting metabolic rate (60-75 %), the energy used for dietary-induced thermogenesis (approx. 10 %), and the energy expended through physical activity (15-30 %). The energy used for physical activity is the most variable component here, because it depends on the lifestyle and the form of physical exercise, as well as on the gender and prior nutritional state of the subject.
There has been a considerable debate about the protein requirements of athletes who wish to increase or maintain their fat-free mass. Arguments in favour of protein needs above the dietary reference intake of 0.8 g per kg of bm per day rely on nitrogen balance studies. Retrospective analysis of nitrogen balance data suggested protein requirements of 1.1 g per kg of bm per day for athletes undergoing endurance training (52) and 1.3 g per kg of bm per day for strength-trained athletes (53) . These higher needs can be explained by increased amino acid oxidation during exercise, and also growth and repair of muscle tissue.
Discussion
Reductions of excess body mass and fat mass can bring results by limiting energy intake, which should be supported by the balanced macronutrient diet. In this aspect, low-carbohydrate energy-restricted diets have been suggested as successful, compared to normal or higher carbohydrate intake, and therefore eff ective in body mass control (43, 49, 54) . However, these diets have higher content of protein and even fat, so consumers should avoid high-carbohydrate food such as ordinary durum pasta as well as white bread, rice, noodles, potato and others. As reported by D'Anci et al. (19) , the low-carbohydrate mass loss diets can aff ect cognition, memory performance, and mood, especially extremely low-carbohydrate diets (0-1 g of carbohydrates per day). Several studies and meta-analyses of randomised controlled trails that compared normal diets with higher-protein diets have been published, and almost all of them concluded that diets with high protein content are superior to conventional food. As these can also maintain body mass while losing fat, they are bett er for keeping lean body and muscle mass, and they generally have benefi cial eff ects on the risk factors for type 2 diabetes and cardiovascular disease (55) .
Data from previous studies (56, 57) have suggested that oral BCAA supplementation can be useful to improve protein catabolism and lipolysis in cirrhotic patients. Similar fi ndings were reported when Kuwahata et al. (56) studied BCAA att enuation of hepatic apoptosis in Bad nutritional habits, like overeating and lack of physical activity, usually correlate with the occurrence of nutrition-related diseases and illnesses. On the other hand, the common practice among active population, particularly athletes, is to optimise the body composition and body mass prior to a competitive season or major tournament (58) . Negative energy balance is required to lose body mass. The metabolisable energy of protein is defi ned in the Atwater factors to be 17 kJ/g (59) ; however, protein is particularly thermogenic, and its net metabolisable energy is actually 13 kJ/g, making it lower than either carbohydrate or fat, at 17 and 34 kJ/g, respectively (50) . Changing the dietary habits, like reducing fat and sugar, combined with a negative energy balance, can thus give the best results.
The high-protein pasta investigated in the present study (the plain and spinach pasta) has higher protein content, with 3-fold more BCAAs, compared to ordinary durum pasta. According to the fi ndings from other studies (60, 61) , it is predicted that the plain and spinach pasta also have a lower glycaemic index and will provide bett er and longer periods of satiety.
However, even if such nutritionally balanced foods are developed and promoted through health-care institutions, this would still not prevent the consumer from overeating and becoming overweight, and even obese. As has been reported, even in the most developed countries, about half of the population is overweight (body mass index ≥25 kg/m 2 ), while about 20 % are obese (55) . Even though the majority of these populations have the economic means to aff ord healthy food, the nutrition of the major part of these populations remains unhealthy.
Conclusion
Our protein-enhanced plain and/or spinach pasta are suitable for low-carbohydrate diets in everyday nutrition because they contain half the levels of carbohydrates compared to ordinary durum pasta and they provide suffi cient amounts of protein for normal nutrition, as well as 3-fold more BCAAs than ordinary durum pasta. Therefore, as part of a low-carbohydrate diet, the plain and/or spinach pasta can help maintain body mass, muscle mass and enable fat loss, and they might have an important role in the management of liver cirrhosis.
